The fixed-bed quartz reactor used for catalytic performance tests and aging experiments is shown in Figure S1 . Briefly, this reactor consists of gas supply section, water vapor generating section, thermal insulation section and reaction section. In the gas supply section, mass flow sensors are in charge of measuring gas flow accurately. Standard gases are used to simulate diesel exhaust. To generate water vapor, a syringe pump delivers water to the evaporation chamber whose temperature is maintained above 190℃ with the aid of electrical resistance wire. Thermal insulation section mainly refers to the zigzag lines in the graph heated in excess of 190℃ to eliminate the condensation of water and to avoid the formation of undesirable low-temperature products. The tube furnace, the heated bypass line and the gas analyzer constitute the reaction section. The tube furnace can provide as high as 1000℃ temperatures with a 15cm-long constant temperature region. In the center of the furnace, there is a quartz tube.
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The catalyst sample is supported by a K-type thermocouple directly immersed in the catalyst bed that located in the middle of that quartz tube. The bypass line is heated and holds the temperature at 190℃. It is used to measure the initial state of gas flow during the experiments. The operational gas analyzer is MKS Multigas 6030, which measures NO, N 2 O and NO 2 consecutively every second. Hydrothermal and thermal deactivation experiments and catalytic activity measurements can be done in this reactor with different quartz tubes located in the center of the furnace. For aging experiments, the quartz tube has an inner diameter of 8mm and external diameter of 12 mm. For catalytic activity measurements, the inner diameter is 4mm and external diameter is 8 mm.
The air-tightness is carefully tested before experiments. In each measurement point, data are logged for more than 10 minutes on average at steady state.
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Figure. S1. The fixed-bed quartz reactor for catalytic activity measurements and hydrothermal aging experiments.
Catalytic performance
The NO X conversion rates of different thermal degraded samples were demonstrated in Figure. S2(a). The whole thermal aging process can be divided into 2 segments: the rapid deactivation stage (before 12 hours) and the slower deactivation stage. In Figure. S2(b), relative deactivation degree is defined as the disparity in NO X conversion rates between fresh and aged samples divided by the corresponding NO X conversion rate of fresh samples:
Relative deactivation degree(%)= (S.1) 
Sintering and agglomeration
The anatase TiO 2 phase predominates in all the samples (2theta=25. 281, 37.801, 48.05, 53.891, 55.061, 62.69, 68.762, 70.33, 75.031, JCPDF, PDF84-1285 
Active sites variations
The active sites at 1240 cm -1 shift to 1242 cm -1 (T-8), 1245 cm -1 (T-12, T-16), 1247 cm -1 (T-20), and 1260 cm -1 (T-24). The bands located at 1670 cm -1 also shift from 1670 cm -1 (Fresh, T-4) to 1675 cm -1 (T-8, T-12), 1678 cm -1 (T-16), 1687 cm -1 (T-20) and finally 1690 cm -1 (T-24). Thermal aging makes acid sites move to more stable location due to sintering and agglomeration. In Figure S4 and Figure S5 , the negative spectra at 3654cm -1 (V-OH) were detected in sample fresh and T-4, however they disappear in sample T-16, T-20 and T-24. (a) (b) 
